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[Text] Summary 


In recent years, several types of the ducted prope..lers with simplified 
duct profile have been systematically tested by the Shanghai Jiao Tong 
University ship model basin. This paper presents two series of the simpli- 
fied ducted propellers, i.e. the ducted propeller JD75+Ka4-70 and 
JD7704+Ka4-70. The former is suitable to the steering ducts which improve 
maneuverability, and the latter gives a good astern performance. In addi- 
tion to the open water characteristics of the above mentioned ducted 


propellers, the usual /B,~s charts and the charts corresponding to the 


optimum condition are also given. 


The ducts with simplified profile JD75 and JD7704 are a little better in 
propulsive performance as compared with those develcped in other countries. 
Further, the open water results of the ducted propeller. JD7704+Ka4-70 
show that it is possible to develop a ducted propeller system with both 
forward and astern good performance. 


(I) Introduction 


In the past 40 years or so since the ducted propellers were first introduced 
to the world, and especially in the past 20 years, numerous discussions con- 
cerning the characteristics and advantages of the ducted propellers and many 
research works for the improvement of the performance characteristics of the 
ducted propellers have been carried out here as well as abroad [1] [2]. 


Generally speaking, ducted propellers possess the following characteristics: 











1. It can improve the efficiency of heavily loaded propellers. As such, 
it becomes most suitable for tugboats (or pushboat) and fishing boats for 
dragging heavy nets. Large oil tankers and cargo ships of today are also 
beginning to take advantage of the superior characteristics of the ducted 
propellers as the propeller load becomes greater and greater. 


2. The ship's maneuverability can be significantly improved if the ducted 
propeller is also used as a rudder. 


3. The change in the blade surface water speed on the ducted propeller 
due to a change in the ship's speed is much smaller than that on the conven- 
tional propeller. As such, the power absorbed by a ducted propeller is 
affected very little by a change in the ship's speed, so that it can operate 
better under various load conditions (i.e., towing or cruising freely). 


4. The pitching motion is smaller for ships equipped with ducted propellers. 
This helps reduce stalling while navigating through heavy seas. 


5. The duct protects the propeller blades from contact with foreign objects. 
It also prevents air from being sucked in by the propeller especially for 
ships having shallow draft. 


The use of ducted propellers is becoming more and more widespread with the 
growth in demand for more sea transportation and inland river transportation. 
Different requirements were brought about on the ducted propellers by ships 
having different tasks to perform. For example, tugboats used in the harbor 
need not only a relatively large pulling power but also good maneuverability, 
while pushboats used in the inland rivers need not only good forward but also 
astern maneuverability. These requirements have promoted various types of 
research works to improve the performance characteristics of the ducted 
propellers. A series of experiments and tests were carried out at the 
Shanghai Jiaotong University ship model basin for the improvement of astern 
performance of ducted propellers with simplified duct profile, and also for 
the study of ducted propellers with simplified duct profile which are also 
used for steering purposes. The results obtained from these tests have been 
organized and presented in the form of a design chart [3] [4]. This paper 
presents the results related to two groups having better performance charac- 
teristics; namely, one group consisting of JD75 duct + Ka4-70 propeller series 
and the other group, JD77-4 duct + Ka4-70 propeller series, as a reference to 
be used by shipyard personnel and designers of ships and boats. 


(Il) Geometric Shapes and Parameters of the Ducted Propellers with 
Simplified Duct Profile 


It is a well-known fact from many years’ study of the ducted propellers 
that the shape of the cross-sectional area of the duct does not affect its 
performance significantly [5]. The shipyard as well as the using unit, 
however, desire as usual not only that the performance characteristics of 
the ducted propeller be good but also that its structure be simple so as to 








facilitate its construction and maintenance. Therefore, we have further 
simplified the profile of the duct such that its shape corsists of bent 

lines [3]. The experimental results obtained from the ducted propellers 
with simplified duct profile consisting of bent lines revealed that, so 

long as the parameters were chosen properly, the efficiency of one duct 

having an airfoil profile was approximately equal to that of one having 

a simplified profile consisting of bent lines. 


The m a geometric features of the two ducts with simplified profile, 

JD75 . wd JD7704, are shown in Figs. 1 and 2 and the corresponding parameters 
are summarized in Table 1. This data satisties the requirements imposed by 
the conditions that the rudder torque values for forward as well as astern 
be approximately equal while good astern performance characteristics be 
maintained. 


The propellers that were matched with these two types of ducts were the 
Ka4-70 propeller series having the following different pitch ratios: 0.6, 
0.8, 1.0, 1.2 and 1.4. The diameter of the model propeller was D = 250 m. 
The main characteristics of the Ka4-70 propeller series are shown in Fig. 3 
and Table 2. 


The model for the JD75 duct was made of organic glass and its nominal blade 
tir clearance was 1.0 mm. The model for the JD7704 duct was made of wood 
and its nominal blade tip clearance was 1.5 mm. The difference in the said 
clearances was found to have negligible effect on the efficiency of the 
ducted propellers. 
































Fig. 1 The shape of JD75 duct Fig. 2 The shape of JD7704 duct 


Table 1 Main parameters of JD75 and JD7704 ducts 
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Key: (A) Duct model number 











Table 2 Dimensions and the ordinates of the Ka-propeller series 
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(A) Dimensions of Ka-propeller series 

(B) Length of the blade cross-section expressed as percentage of the length 
at 0.6R location. 

(C) From center line to trailiug edge; From center line to leading edge; 
Total length. 

(0) The length of the blade cross-section at 0.6R location = ... 

(E) Maximum thickness expressed as percentage of diameter. 

(F) The maximum thickness at the shaft center = ... 

(G) Distance between the maximum thickness and the leading edge expressed 
as percentage of the length of cross-section 

(H) The ordinates of Ka-propeller series 

(I) The distance between the maximum thickness and ordinate 

(J) From maximum thickness to the trailing edge 

(K) From maximum thickness to the leading edge. 

(L) Ordinates of the back of blade. 

(M) Ordinates of the face of blade. 

(N) Note: 1. The ordiaates are expressed as percentage of the maximum 
thickness of tae corresponding cross-section. 
2. Some of the originai daia given by Holland, the ordinates near the 
leading edge on 0.2R and 0.3R cross-sections, were found rather diffi- 
cult to fit smoothly. Therefore, we have drawn a curve of equal thick- 
ness on the extended profile and carried out the smoothing operation in 
both chord and radial directicns. The numbers marked with * are those 
suggested for use by this paper. 
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Fig. 3 Main characteristics of Ka4-70 prope!ler series 


(IIL) Open Water Test and Organization of the Test Results 


The open water test was carried out according to the usual method; namely, 
while the propeller's rotational speed was kept constant the forward speed 
of the ship was varied in order to change the value of speed coefficient J. 


In the open water test the propeller shaft depth was 1.10D and its rotations: 
speed was 450 r.p.m. As the speed coefficient was varied from 0 to 1.3 the 
corresponding range of variation of the Reynolds number based on the chord 
length of the blade at 0.75R location, Co 75R° was 
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Cones ~ (.7538D)* 


= — (4.4~5.4) x 10° 


Res. rsx = 


where C, -se = 1.0797 x 1.969 7X Go x D=s.0933 a. 


The instrument used for the measurement of propeller thrust force and 
torque was Model All propeller dynamometer, while the duct thrust force 
was measured by a mechanical duct thrust measuring instrument. Before 
carrying out the actual measurement, the internal friction loss of the 
instrument, the propeller housing resistance force and the duct edge [6856] 
resistance force were determined. These values have been used to correct 
the measured values in the analysis of the various data. The effect of 
interaction between the duct and the edge had been taken into consideration 
when the edge resistance was measured. 


The group consisting of JD7704 duct + Ka4-70 propeller series was further 
subjected to an open water test to determine the astern performance. 


The results of open water tests are presented in terms of the following 
parameters as functions of the speed coefficient J = v,/nD with propeller 


pitch rativ H/D as a parameter: 


K,=T7/pr'D* 
Ky =T,/er D' 
K,=Q/Px'D’ 


The data obtained from the open water tests were then processed with the 
DJS-6 electronic computer to smooth the data by the method of recurrent 
analysis. The thrust coefficient K and the torque coefficient Kon 


together with Ko were then expressed as polynomials in terms of the speed 
coefficient J and the pitch ratio 4/D as follows. 


Ky y yA AH/D)"CLyY 


K;.« po HD Cry 


* SY aoneanay 
The main terms and their coefficients ef the polynomials can be determine’ 
by the method of recurrent analysis. Tables 3 - 5 contain the recurrent 


coefficients of the open water characteristics of the JD75 duct + Ka4-70 
propeller series and the JD7704 duct + Ka4-70 propeller series. 
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Table 3 Recurrent coefficients of the open water characteristics (forward) 
of the JD75 duct + Ka4-70 propeller scries 
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Table 4 Recurrent coefficients of the open water characteristics (forward) 
of the JD7704 duct + Ka4-70 propeller series 
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Table 5 Recurrent coefficients of the open water characteristics (astern) 
of the JD7704 duct + Ka4-70 propeller series 
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The results of open water tests involving forward motion of the JD75 duct 

+ Ka4-70 propeller series end both forward and astern motions of the JD7704 
duct + Ka4-70 propeller series are contained in Tables 6 - 8. This data is 
also presented in Fig. 4 ~ 6 in the form of an open water performance 


characteristic chart in which Ke fon and Ko are presented as functions of J. 


The greater majority of design problems can be solved by using these charts. 


In a normal design process, an optimum diameter which gives the highest 
efficiency is chosen based on the given speed Va, the nower delivered to 
the propeller P and the revolution speed N. For the convenience of the 
designer, the “BY vs. 6 charts were prepared from the J vs. Ke 10K, and 
n, charts. Metric units are used in these charts and the fluid is fresh 
water. The power absorption constant 5. and the diameter constant 6 are 


related to the dimensionless coefficients K,. and J through the following 
equations: Q 


where N = rotational speed of propeller (r.p.m.), 
P = power delivered to propeller (horsepower) 
v. = speed of advance (Knots) 


D = z.opeller diameter (meter) 


Figs. 7 and 8 are the v3 - 6 charts, while Figs. 9 and 10 are a form of 
simplified charts for design based on the optimum conditions. 
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Fig. 4 Results of forward open water test of JD75 duct + Ka4-70 propeller 


series 
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Fig. 5 Results of for- 
ward open water test of 
JD7704 duct + Ka4-70 
propeller series 
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Fig. 6 Results of astern open water test of JD7704 duct + Ka4-70 
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- 6 chart for the JD75 duct + Ka4-70 propeller series 
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for the JD75 duct + Ka4-70 for the JD7704 duct + Ka4é-70 
propeller series propeller series 


(IV) Analyses and Comparison 


Different types of ships and boats have different requirements for the 
forward and astern performance characteristics, which often necessitate 
selection of different types of ducts. Ordinary ducted propellers possess 
good forward thrust characteristics but inferior astern performance. For 
example, the forward performance of No. 19a duct is excellent, but its 
astern performance is not so good. In order to meet the special require- 
ments imposed by the astern performance of certain types of ships and boats 
(such as pushboats) some special ducts such as the No. 37 duct having 
improved astern performance have been developed. Their astern performance 
characteristics have been greatly improved with a slight loss in the forward 
performance characteristics. We shall continue to analyze and compare the 
performance characteristics considering both forward and astern motions. 
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1. A Brief Description of the Test Results of Ducted Propellers Obtained 
Abroad 


Among all the research works related to the ducted propellers that have 
been carried out abroad, the work done by the Netherland Ship Model Basin 
(NSMB) is the most extensive and also the most famous. Based on a large 
volume of research data related to various duct shapes and various types 
of propeller, a standard ducted propeller system as shown in Fig. 11 (No 19a 
duct + Ka type propeller series) has been established [6]. Later, in 
response to the practical demands, a new type of duct (the No 37 duct) was 
developed in 1972 which is particularly suitable for the astern work [2], 
and its profile is as shown in Fig. 12. Compared with that of No 19a duct, 
the airfoil profile of this type of duct has a thicker trailing edge which 
prevents the flow separation during the astern work. The data concercing 
performance characteristics of these two types of ducted propellers can be 
found in the References 6 and 2; so we shall not dwell on it any more here. 


Not much research material related to ducts with simplified profile exists 
today. it is in East Germany where most works related to this subject were 
done. They have done a systematic study of various types of rotatable ducts 
with simplified profile since 1958, investigating the effects of the duct 
geometry and the propeller type on the performance characteristics of the 
ducted propeller system with simplified duct profile [7] [8] [9], and pub- 
lished in open water test results of four different types of ducted propeller 
series with simplified duct profile [10]. Table 9 and Fig. 13 illustrate the 
geometric characteristics of three of the four ducts mentioned above. 


The propellers that are matcled with the aforementioned ducts are three- 
blade propellers belonging to the Troost B series (no longitudinal inclina- 
tion) having disc area ratio Ap/A, = 0.5. See Reference 10 for the open 
water test results and Reference 3 for the simplified design charts related 
to these ducted propeller series. 


The Duisburg Inland River Navigation Research Institute (VBD) of West 
Germany recommended in 1970 a standard duct system with simplified duct 
profile having good astern performance characteristics [11] [12], the duct 
profile of which is shown in Fig. 14. We have constructed a model patterned 
after the duct having simple profile (e.g. JD7708 duct), matching it with 
the Ka4-70 propeller series and carried out a series of open water tests. 

We have further analyzed the data by the method of recurrent analysis and 
organized the results into a chart form [4] to facilitate analysis and 
comparison. 























_ oo 
1) OF — ~ —* 
J —— 1 
F 
Fig. 11 The profile <f No 19a duct Fig. 12 Tye profile of No 37 duct 
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Table 9 Geometric characteristics of three ducts with simplified profile 























(a) (8) SS (c) 2 o (D) a 2 
ate lc Cz Cs | Ba | & 1 w&i| @ 
DPr.32 0.70 0.4 a2 | 4s) | (O88 106 0ti(‘iéi 
DP? .6s «0.78 0.14 0 1.28 0.08 1.08 : 0.035 
DP? .6aF 0.70 Pia, SGPEHL, FRUNL-Se, SHUAHF 





(F) 2, ABD MEMARMRE, D, +2084. 


(A) Duct number 

(B) Length of profile 

(C) Inlet section 

(D) Outlet section 

(E) Same as 7.68 except for a portion of duct is cut off at the top and 
and bottom as shown in Fig. 13. 

(F) Note: Dimensions are shown as multiples of the inside diameter Ds 


D. = 204 mm. 


DPB 7777 ~Ss«éOP 1 a F 




















Fig. 13 Dimensions of duct model expressed as multiples of inside diameter D, 


' i 
= A 
d, 2 —_— ⏑ 








Fig. 14 The Profile of JD7708 duct 
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2. Comparison of JD75 Duct and the Related Ducts From Abroad 


The JD75 duct, having a length to diameter ratio of L/D = 0.8 and the 
propeller located at a position which is 0.4L from the front end of the 
duct, is capable of producing approximately the same value of rudder 
torque for both forward and astern motions. As such, it is particularly 
useful as a rotatable duct which also functions as a rudder (often calied 
a duct rudder). To examine the performance of JD75 duct with sizplified 
profile in relation to the other ducts, the optimum efficiency curves vs. 


* as abscissa for several systems including the JD75 duct + Ka4-70 


propeller series, DP 7.32 + B3-50 series, DP7.68 + B3-50 series and DP7.68F 
+ 83-50 series were plotted as shown in Fig. 15 to facilitate comparison. 
This figure alse contains the optimum efficiency curve of the No. 19a duct 
+ Ka4-70 propeller series to facilitate comparison with a duct having an 
airfoil profile. 


























Fig. 15 Comparison of the optimum efficiency curves of several different 
types of ducted propeller systems 


It is evident from the figure that: 


(1) The JD75 duct + Ka4-70 propeller series displays significantly higher 
efficiency than that of the foreign systems having similar types of ducts 
whose profile consists of bent lines. Generally speaking, its efficiency 
is 3} = 4 percent higher. This is especially true at lower load conditions. 


(2) Its efficiency is basically comparable to that of the No 19a duct. 
Its efficiency is lower by no more than 1 percent than that of the No 124 
duct at higher values of * and higher than that of the No 19a duct at 


lower values of ‘B.. 














(3) It displays very high efficiency at lower value of ‘B.. This means 


that its performance is excellent not only at heavier load conditions bur 
also at lighter load conditions. 


3. Comparison of JD7704 Duct and the Related Ducts From Abroad 


The JD7706 duct is the type of duct for which special considerations have 
been given to improve its astern performance. It is common knowledge that, 
for a tugboat and more so for a pushboat, the bollard thrust force it can 
generate is very important whether its propeller is rotating in the posi- 
tive or the negative direction. The important factors one considers when 
selecting a tugboat or pushboat are the forward bollard pull, the astern 
bollard pull and the free cruising speed. To examine the performance charac- 
teristics of the JD7704 + Ka4-70 propeller series with simplified duct 
profile in relation to the other systems, the curves shown in Figs. 16, 17 
and 18 were plotted, representing, respectively, the forward “<sign condi- 
tion, the forward bollard state and the astern bollard state of several 
systems including, besides the JD7704 system, the No 19a duct + Ka4é-70 
propeller series and the No 37 duct + Ka4-70 propeller series of Holland 

and the standard simplified duc. having improved astern performance charac- 
teristics recommended by the VED of West Germany, or the JD7708 duct + Ka4é-70 
propeller series. 





—— JD7704 + Kas-70 
~—«—JDT76g + Ke 6 
—ñN NO 37 + Kaa-To 
——-NOIbe +Kat-70 
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Fig. 16 Comparison of the optimum efficiency curves of several diiferent 
types of ducted propeller systems 














































































































Fig. 17 Comparison of the forward Fig. 18 Comparison of the astern 


bollard performances o* several bollard performances of severel 
different types of ducted prop.'ler different types of ducted propeller 
systems systems 


The efficiency coefficient ';, was determined by the following formula 


—R 
9 


This ccefficient may be used as a direct measure of the bollard pull of 
vaitous propulsion systems if the diameter and the power remain the same 
for a‘l. 


It is evicert from these figures that: 


(1) The forward design condition: For the same values of ‘B. the JD7704 


duct with simplified profile has an efficiency greater than that of the 

No 39 duct and the standard simplified duct of VBD. On the average, its 
efficiency is 2 - 4 percent higher than those two systems referred to above, 
but it is slightly lower than that of the No 19a duct, amounting to no more 
than 1 percent on the average. 


(2) The forward bollard state: The efficiency coefficient "4 of the JD7704 


simplified duct is slightly better than that of the No 19a and No 37 duciés, 

amounting to 1 percent or so higher on the average, and significantly better 
than that of the VBD simplified duct, amounting to 6 percent or so higher on 
the average. 


te 
~ 








(3) The astern bollard state: For the propeller pitch ratio H/D > 1.05, 
the astern efficiency coefficient of the JD7704 simplified duct is greater 
than that of the No 37 duct and the simplified duct of VBD. The greater 
the propeller pitch ratio, cine better the JD7704 duct performance. For 

the propeller pitch ratio H/D < 1.05, the ng of JD7704 is slightly lower. 
However, as can be seen in Fig. 8, the optimum propeller pitch ratio of the 
JD7704 duct + Ka4-70 propeller series is usually greater than 1.0, corres- 
ponding to the values of 5, less than approximately 120. 


(V) Conclusion 


The following primary conclusions were arrived at based on the analyses 
and comparisons discussed above: 


l. Speaking of the open water performance, both the JD75 and JD7704 ducted 
propeller series display performances superior to that of similar ducted 
propel'ter series of East Germany and West Germany. The combined overall 
periormance of the JD7704 duct incliding the forward design condition, the 
forward bollard state and the astern bollard state was found to be better 
than that of the Dutch No 37 duct having an improved astern performance. 


2. Compared with the Dutch No 19a standard duct, the optimum efficiency 

of the JD7704 simplified duct is only slightly lower (less than i percent) 
than that of No 19a, and its ng under the forward bollard state is slightly 
better (approximately 1 percent or so) than that of the No 19a duct, while 
its Ng under the astern bollard state is far greater than that of the No 19a 
duct. This indicates that the JD7704 simplified duct is not only superior 
in performance in astern work but also quite satisfactory in performance in 
forward motion. 


3. The simplified duct is constructed from four pieces of steel plates 
welded together to form the bent lines of the profile. It is much simpler 
than the airfoil profile from the technological point of view. Experiment 
and research have proven that, so long as the duct parameters are chosen 
properly, excellent performance characteristics can be achieved likewise, 
which means that there is a great future for the ducted propellers with 
simplified duct profile. 


4. Experimental results as well as the results obtained from research 
related to the JD7704 duct all confirm that it is possible to develop a 
type of ducted propeller which possess excellent forward as well as astern 
performance characteristics. 
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APPLIED SCIENCES 


CORROSION RESISTANCE FOR SHIP STEEL IN VARIOUS HARBORS STUDIED 
Shanghai CHUANBO GONGCHENG [SHIP ENGINEERING] in Chinese 1 Nov 79 pp 56-57 


[Article by Wang Mingxin [3769 2494 2450]: "A Study of Corrosion 
Resistance for Five Kinds of Ship Steel in Various Harbors") 


[Text] I. Foreward 


In order to provide the users with valuable data concerning corrosion 

in the ocean atmosphere, a study of corrosion resistance for ship steel 
produced domestically in the natural environment of the main harbors of 
this country was initiated in August 1964 jointly by the following seven 
units: The Ship Material Institute, Beijing Steel Institute, Wugang 

Steel Institute, Nanjing Water Conservation Science Institute, Baotou 
Metrallurgy Institute, Shanghai Maritime Transportation Science Institute, 
and Jiangnan Shipyard. The samples tested include the following five kinds 
ship steel: molded carbon steel 4C, low alloy, high strength steel 16Mn, 
15 MnTi, 16MnCu, and one Sovient steel CXJI-4 (as control). The test pieces 
were hung at Qingdao Harbor and Xiamen Harbor for a period of five years, 
and there were seven experimental cycles and six different experimental 
conditions. 


Il. Test Pieces and the Experimental Conditions 


Preparation and condition of the test pieces are the key factors. The test 
pieces used in this experiment were taken from steel samples which came 
from the same furnace, the same batch, and the same can. Before 
experimentation, chemical analysis, metallurgical examination and the 
mechanical characteristics of the test pieces were determined. This data 
constitutes the original characteristics of the test pieces. The surface 
treatment of each test piece was carried out under the identical conditions 
and the thickness was kept uniform. The length of the test pieces was 
taken perpendicular to the direction of rolling in order to satisfy the 
requirement that the test pieces be prepared in such a way as to possess 
transverse mechanical characteristics. 


The chemical compositions of the steel samples 4C (4 mm thick), 16Mn, 


15MnTi (12 mm thick), 16MnmCu (6 mm thick) and CXJI-4 (4 mm thick), are 
summarized in Table l. 


25 











Each test piece was normalized at a temperature of 900° C in order to 
eliminate the work stress and to recover the normal structure after it 
was hot-rolled, cold-rolled, cut, drilled and stamped with an identi- 
fication number. The grease and oil were washed off the surface of the 
test pieces with organic solvents such as gasoline and dimethyl benzene. 
Ymmediately before the test pieces were put to test, a layer of oxide 
crust was removed from the surface using a solution containing 15% of 
sulfuric acid and 0.5% of thio urea at the room temperature. 


The dimensions of the test pieces were chosen according to the dimensions 
of the test pieces commonly used by the sea water corrosion experimental 
Stations of many countries. Altogether 1,092 pieces of test pieces were 
prepared, including 882 pieces having dimensions 250 x 160 x 2.5 mm and 
210 pieces having dimensions 200 x 100 x 2.5 m. 


To simulate actual corrosion situations of various parts of the ship and 
Ship structure situated above water, at the water line, under water, 

and at the tidal difference, the following six experimental conditions 
were adopted: ocean atmosphere, pier atmosphere, fully submerged, deep 
water, water line, and tidal difference. The deep water test was carried 
out on 16 Mn steel test pieces only. 


The major data concerning sea water and weather over a five-year period 
at Qingdao and Xiamen Harbors are summarized in Table 2. 


The Method of Affixing Test Pieces: 


(1) Ocean atmospheric condition: The test piece rack at Qingdao station 
was placed on a flat platform on me roof of a building which stood 
approximately 50 meters from the shore and approximately 12 meters tall. 

The test piece rack at Xiamen station was placed on a flat platform on 

the roof of a building which stood approximately 10 meters from the shore 
and approximately 12 meters tall. Both racks were facing south and inclined 
45° with respect to the ground. According to the reference material [1], 
the exposure rack used at the atmospheric experimental station is supposed 
to be inclined 30-60° with respect to the ground, and the lowest row of 

test pieces must be approximately 1 meter above ground. See Fig. l. 


(2) Pier atmospheric condition: The test pieces were fixed vertically on 
the pier wall 1-1.5 meters above the average maximum tide line, as shown 
in Fig. 2. 
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Table 1: Chemical Compositions (Z%) of Five Kinds of Ship Steel 





m Ri APR AARH ES RD (%) 
Pd c | Si | Ma | S | P Cue | Ti] Nil Ce 
(B) ##J : 





AC fo.21~0.2310.20~0.210.51~0.56(0.016~0.0190.010~0.011 
16Ma_{0.20~0.210.43~0.44) 1.35 [0.025~0.0260.016~0.017 





























| 
15Ma Ti [0.19~0.200.36~0.371.44~1.45, 0.026 | 0.016 0.15 ; 
16Ma Cu |0.13~0.160.44~0.51/1.18~1.430.027~0.037/0.028~0.0300.40~0.44 
CXH-1 |0.09~0.100.91~0.9510.74~0.770.013~0.0160.021~0.022] 0.47 | 0.66 0.80~0.85 





Key: (A) Composition 
(B) Kind of Steel 


Table 2. Major Hydrological and Weather Data at Qindao and Xiamen Stations 


Key: (A) Station Site 
(B) Qingdao Station 















































ZR2 88%. BNUEEKX (C) Xiamen Station 
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; an 
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(I) AeSeHRM (*/D) 5. 3.4 inl dity was Less 
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(K) Sea Water Salinity 
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Sep 64-Aug 69; Four 
Year--1965-69 
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Fig. 1 Setting Test Pieces 
in Ocean Atmosphere 





Fig. 3 Setting Test Pieces 
for Fully Submerged 
Condition 
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Fig. 2 Setting Test Pieces 
in Pier Atmosphere 
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Fig. 4 Setting Test Pieces 
for Tidal Difference 
Condition (submerged 
in sea water) 





Bi MLet (KRESKPM) UPD 


(3) Fully submerged condition: The test pieces were suspended vertically 
under water at a depth of 0.4-1.2 meters as shown in Fig. 3. 


(4) Deep water condition: The test pieces were suspended vertically under 
water at a depth of approximately 6 meters. 
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(5) Water line condition: The test pieces were fixed vertically with 
one-third in sea water and two-thirds exposed to the atmosphere. 


(6) Tidal difference condition: The test pieces were fixed vertically 
at medium tidal position as shown in Fig. 4. 


III. Amalysis of the Experimental Results 
(1) Ocean atmospheric condition 


Corrosion of steel in the ocean atmospheric condition may be considered to 
progress within a film of electrolyte. There was no extensive 

pollution problem due to industry in the environment of our test sites and 
both test sites were also very close to the sea shore. Therefore, the 
corrosion was considered to be due to . normal ocean atmosphere. 


As a result of the corrosion, the front side as well as the back side of 
the test pieces were covered with a layer of brown rust. The rust layer 
on the back side (opposite to the side exposed to light) was found to be 
coarse and thicker than that on the front side. The rust layer on the 
test pieces at Xiamen station was found to be more firmly attached to the 
steel plate than that at Qingdao station. Comparing the results of five 
different steel samples, the corrosion products of CXJI-4 and 16MnCu were 
found to consist of finer grains densely packed, while the corrosion 
products of 4C carbon steel was found to consist of coarse grains loosely 
packed. After the corrosion products were removed, the surface of the 
test pieces was found to be rough and pock-marked. All five steel samples 
were found to be uniformly corroded. 


The relationship between the average corrosion rate and the elapsed time 

is shown in Fig. 5 and Fig. 6, respectively, for Qingdao station and Xiamen 
station. It is evident from these figures that the average corrosion rate 
for the first three months ranged 0.10-0.18 mm/yr at Qingdao station and 
0.042-0.04 mm/yr at Xiamen station, and the average corrosion rate was 

found to decrease with the passage of time. After two years of experimenting, 
the corrosion rate was found to drop to the range of 0.042-0.097 mm/yr 

at Qingdao station and 0.022-0.042 mm/yr at Xiamen station, and the 
corrosion rate was found to stabilize thereafter. The average corrosion 
rate of the five-year period for the five steel samples was in the range 

of 0.028-0.075 mm/yr at Qingdao station and 0.012-0.023 mm/yr at Xiamen 
station. Experiments carried out by the Soviet Union at Baku experimental 
Station over many years on the carbon steel indicated an average corrosion 
rate of 0.012-0.025 mm/yr, while the results obtained at a northern Murmansk 
harbor were twice as big. Our experimental results were in agreement with 
these results [2]. 
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Fig. 5 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Ocean Atmospheric Condition at Qingdao Station 
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Fig. 6 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Ocean Atmospheric Condition at Xiamen Station 
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Key (common to Figs. 5-15): 
Abscissa = Time (year) Ordinate = Average Corrosion Rate (mm/yr) 
Legend (common to Figs 5-15, except 11): 
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Key: (A) Steel 


Comparison of the five steel samples indicated that low alloy steels, 
especially those containing Ni, Cr, and Cu, were more corrosion reistant 
than an ordinary carbon steel. The corrosion stability of 16MnCu alloy 
steel was found to be 40-80 percent higher than that of 4C carbon steel. 
CXJI-4 steel was found to be the most corrosion resistant in the ocean 














atmosphere among the five steel samples tested. The five steel samples 
were ranked as fo!lows in regard to their corrosion stability (in 
descending order): CXJI-4, 16MnCu, 15MnTi, 16Mn, 4C. 


As a result of the addition of copper, the structure as well as the 
characteristics of the rust layer on 16MnCu alloy steel were altered. 
The high density and the low hydroscopic property of the rust layer 
contributed to its protective characteristics [3]. 


The critical humidity of ordinary steel is in the range of 60-70 percent, 
and it is evident from the hydrological and weather data containted 

in Table 3 that the wind velocity at Qingdao station is greater than 

that at Xiamen station. Therefore, the frequency of the salt particles 
being carried by the wind and deposited and dissolved in the water film 
on the surface of the test pieces would be higher at Qingdao station than 
at Xiamen station. Stronger wind further accelerates the stirring action 
of the salt water film which, in turn, promotes the depolarization action 
of the cathodic oxygen. In addition, the salt content of the fogs in the 
ocean atmosphere at Qingdao station is also higher than that at Xiamen 
station, which helps promote the destruction of inert film by the chlorine 
ions. Therefore, the faster corrosion rate at Qingdao station compared 
with that at Xiamen station is a combined result due to several factors 
including hydrological, weather and salt deposit. 


(2) Pier atmospheric condition 


Corrosion process of the test pieces in the pier atmospheric condition 
was esentially the same as that in the ocean atmospheric condition, and 
the characteristics of the corrosion products as well as the corrosion 
conditions were also highly similar. 


The relationship between the average corrosion rate and the elapsed time 
is shown in Figs. 7 and 8, respectively, for Qingdao and Xiamen stations. 
The average corrosion rate of CXJI-4 and 15 MnTi steel pieces at Qingdao 
station was found to be 0.022-0.040 mm/yr (corrosion data became irregular 
for the three steel samples 16MnCu, 16Mn and 4C, on account of the fact 
that these test pieces were fixed too low so that they came into contact 
with sea water on extraordinarily high tide). The average corrosion rate 
of the five steel samples at Xiamen station was found to be 0.011-0.25 mm/yr. 
From these experimental results it became quite clear that the corrosion 
stability of 16MnCu and CXJI-4 was the highest, that of 15MnTi was medium, 
and that of 4C and 16Mn was relatively inferior. 
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Fig. 7 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Pier Atmospheric Condition at Qingdao Station 
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Fig. 8 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Fier Atmospheric Condition at Xiamen Station 
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Similar to the corrosion data obtained in the ocean atmospheric condition, 
the corrosion rate of CXJI-4 and 15MnTi steel samples at Qingdao station 


was found to be greater than that at Xiamen station; approximately twice 
as big. 


(3) Fully submerged condition. 


The test pieces under the fully submerged condition were found to be covered 
with a relatively thick layer of black corrosion product and a small amount 
of coarse and loose reddish brown corrosion product. From 40-60 percent of 
the surface of the corrosion product was found to be covered with marine 
growths. The marine growths found on the surface of the test pieces at 
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Qingdao station consisted mainly of bryo zoams, sea squir:, shi hui chong 
{4258 3500 4722], bai xi [2672 7911], and green algae, ani! at Kiamea 
Station they consisted mainly of barnacles, oyster, followed by yua tong xi 
[5363 4592 7911], shi hui chong, and bryo zoams. After the corrosion 
products were removed, the surface of the test pieces was found to be full 
of holes of various depths. It was an uneven porous corrosion. 


The relationship between the average corrosion rate and the elapsed time is 
shown in Figs. 9 and 10. It is evident from these figures that the corrosion 
rate of the test pieces was the highest during the first three months. It 
was found to decrease rapidly afterward; approaching a practially steady 
State after one year of experimentation. 


Fig. 9 Average Corrosion rate--Elapsed Time Curve for Test Pieces 
Under Fully Submerged Condition at Qingdao Station 
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Fig. 10 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Fully Submerged Condition at Xiamen Station 
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The average corrosion rate of the five steel samples at Qingdao station 
was 0.12-0.13 mm/yr and that at Xiamen station was 0.13-0.16 am/yr. 
According to Reference [2], the average corrosion rate of carbon steel 

and alloy steel fuliy submerged in the sea water at various parts of the 
world is in the range of 0.008-0.012 mm/yr, which is approximately 50 per- 
cent smaller than the average corrosion rate of the five ship steel 
samples tested. This difference .s probably attributable to the difference 
in the hydrological conditions. 


Observing the corrosion conditions locally, no clearly recognizable corrosion 
holes were present on the surface of fully submerged test pieces after 

three to six months of experimentation; only densely distributed pin holes. 
No significantly different corrosion conditions were found among the five 
steel samples at Qingdao station, while at Xiamen station, corrosion of 
L6MnCu was found to be more extensive than the other steel samples. After 
one year of fully submerged experimentation, many corrosion holes of 
different sizes and depths appeared on the surface of the test pieces. By 
comparison, the local corrosion of low alloy steel was found to be sore 
extensive than that of 4C carbon steel. 


Comparison on the local corrosion conditions of various steel samples of 
the same experimental station revealed that, at Qingdao station, the local 
corrosion of the low alloy steel CXJI-4 was the most extensive. After 
three years of complete submergence, two of the three CXJI-4 steel test 
pieces were found to be completely penetrated by corrosion, each test piece 
having 15-16 holes, large holes the size of green beans and small ones the 
size of a pin hole. The next one was the low alloy steel 15MnTi. One of 
its three test pieces was found to be penetrated by two pin-hole size holes. 
The other steel test pieces were not penetrated. The local corrosion of 
the low alloy steel 16 Mn was also quite severe, especially along the two 
sides, but there was no penetration. The low alloy steel 16MnCu (although 
its local corrosion was more extensive than that of 4C carbon steel) and 
the 4C carbon steel were found to be relatively lightly corroded locally, 
with a relatively small number of shallow corrosion holes. 


At Xiamen station, the local corrosion of the low alloy stee)] 16 MnCu was 
found to be the most extensive among the five steel samples tested. After 
three years of complete submergence, one of the three test pieces was 
found to be completely penetrated with a hole approximately 5 am in diameter. 
The corrosion holes cover approximately 50-70 percent of the surface of 

the test piece and the maximum diameter of corrosion hole was 25 mm. Tie 
next one was 15MnTi steel (no penetration) with approximately 20-30 perc<cai 
of the surface of the test pieces covered with the corrosion holes with 

a maximum diameter of 18 mm. After three years of commlete submergence, 
all steel samples except for CXJI-4 were found penetrated, with one to four 
holes of 2 mm diameter in general. The readers are reisrred to Table 3 for 
the depth of the corrosion holes. 
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Table 3. Depth of Corrosion Hole in Test Pieces 


Key: (A) Depth of Corrosion Hole 
(B) Water Line Condition 
(C) Fully Submerged Condition 
(D) Tidal Difference Condition 
(E) Period of Experiment 
(F) Type of Steel 
(Q) Qingdao Station 
(X) Kiamen Station 
a. Average Value 
a. Maxioum Value 
« Pent ration 


1. 3 months 
2. 6 months 
3. l year 

4. 2 years 
5. 3 years 
6. 4 years 
7. 5 years 


Fig. 11 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Deep Water Condition at Xiamen Station (top) and 
Qingdao Station (bottom) 
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Comparison of the corrosion conditions of the same kind of steel at 
different stations revealed that, in general, the local corrosion was 
more extensive at Xiamen station than at Qingdao station (except for 
CXJI-4 steel). For example, as shown in Table 3, the average depth of the 
corrosion hole on 16MnCu test pieces after one year of complete submergence 
was 0.24 mm/yr at Qingdao station and 0.59 am/yr at Xiamen station. After 
three years of complete submergence, four of the five steel samples were 
found penetrated at Qingdao station. We consider that the difference in 
the corrosion conditions at these two stations are due not only to t « 
differences in the hydrological conditions of the two harbors but also 
significantly to the differences in the kind of marine growths which 











attached themselves to the test pieces. The marine growths that were 
found on the test pieces at Xiamen station consisted mainly of barnacles 
and oysters, and deeper corrosion holes were found surrounding the 
barnacles. The marine growths that were found on the test pieces at 
Qingdao station consisted mainly of sea squirts and bryo zoams and no 
clearly visible corrosion holes were found surrounding these growths. 
This situation was found to be similar to the circumstances at the 
Caspian Sea of the Soviet Union [4]. 





(4) Deep Water Condition 


Deep water experiment belongs to the complete submergence experiment, 

and their corrosion characteristics are also found to be basically alike. 
At Qingdao station, the test pieces were found to be covered with a 
relatively thick layer of black corrosion product and a small amount of 
reddish brown corrosion product. The surface of the corrosion product 

was covered unevenly with a large quantity of marine growths consisting 
mainly of glassy sea squirts. The test pieces at Xiamen station were 
covered with black corrosion product to which sea mud and marine growths 
were attached. The marine growths consisted mainly of hydra and barnacles. 
After the corrosion products were removed, the surfaces of the test 

pieces were found pock marked with relatively deep corrosion holes. These 
corrosion holes were found to be deeper than those of the complete sub- 
mergence test pieces. 


The average corrosion rate vs. elapsed time curve is as shown in Fig. 1l. 
The average corrosion rate of 16Mn steel sample at Qingdao station was 
approximately 0.10 mm/yr and that at Xiamen station was 0.13 mm/yr. 


The corrosion rate of the test pieces at Xiamen station was approximately 

30 percent greater than that at Qingdao station. The average corrosion 

rate under deep water condition was slower than that near the surface under 
complete submergence condition on account of the fact that the oxygen content 
of the sea water at a depth of 6 meters was lower than that near the surface. 


The local corrosion conditions under deep water condition were found to be 
more severe than those found under complete submergence condition. 


(5) Water Line Condition 


The test pieces situated at the water line condition receive three kinds 

of corrosion actions; namely, splashing sea water above the water line, 
fluctuating water level, and complete submergence. Each one of the three 
types of corrosion occupied approximately one-third of the area of the test 
piece. That portion of the area exposed to the spray was found to corrode 
at a higher rate than that under complete submergence condition, because 

the said area is constantly wetted by the spray and is covered with a wet 
film. The salt concentration of the wet film is raised as a result of 
evaporation of water and its electric conductivity becomes greater than that 
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of the sea water and, furthermore, there is a plentiful supply of oxygen. 
A layer of ulcer-like corrosion products was formed on the surface of the 
test pieces with cracks here and there on the outer shell. The portion 
of area that was exposed to the fluctuating water level was at the very 
surface of water where oxygen supply was plentiful and the surface was 
constantly brushed up and down by the wave. This area was covered with 
black and reddish brown corrosion products, the amount of which was slightly 
less than that of the submerged portion. The portion of area that was 
completely submerged was covered with a layer of black and reddish brown 
corrosion products, and a large number of marine growths attached to it. 
The marine growths at Qingdao station consisted for the most part of 
handle sea squirts, followed by bryo zoams and baixi. The marine growths 
at Xiamen station consisted mainly of green algae, black algae, diatomic 
distomaceae followed by barnacles and bryo zoams. After the corrosion 
compounds were removed, that portion of area exposed to the spray was 
found covered with beehive-like corrosion holes, while that portion of 
area exposed to the fluctuating water level and completely submerged was 
found covered with uneven corrosion holes. 


The average corrosion rate of the test pieces under the water line condition 
as a function of elapsed time is shown in Figs. 12 and 13. The average 
corrosion rate was found to decrease with the progress of time, approaching 
a nearly steady state after about one year. 


The average corrosion rate of the five steel samples at Qingdao station 
was 0.16-0.17 mm/yr, and it was 0.15-0.19 mm/yr at Xiamen station. 


Fig. 12 Average Corrosion Rate-~Elapsed Time Curve for Test Pieces 
Under Water Line Condition at Qingdao Station 
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Fig. 13 Average Corrosion Rate-Elapsed Time Curve for Text Pieces 
Under Water Line Condition at Xiamen Station 
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Comparing the local corrosion conditions of the three different areas of 
the same test piece, the local corrosion of that portion of area exposed 
to the spray was found to be most extensive. It appeared to be the spot 
corrosion. The local corrosion of that portion of area exposed to the 
fluctuating water level was found to be slightly more extensive than 

that of the completely submerged portion of the test piece, because it was 
constantly brushed up and down by the waves. 





Comparison of the five steel samples at different stations revealed that 

the local corrosion of CXJI-4 steel at Qingdao station after three-six 
months of experimentation was relatively more serious with a large number 

of deep corrosion holes, while that of 4C carbon steel was relatively light. 
On the other hand, the local corrosion of 16 MnCu steel at Xiamen station 
was relatively more serious and that of 4C carbon steel was relatively 
light. After three years of experimentation, the number of penetrations 

and the size of area affected on the test pieces of all five steel samples 
at Xiamen station were found to have increased significantly compared with 
the results observed after two years of experimentation. At Qingdao 
station, two test pieces of CXJI-4 steel were found to possess 12-15 
penetrations having 1-3 mm diameter, while one of the 16Mn steel test pieces 
was found to possess three penetrations with approximately 1 mm hole diameter. 
After four years of experimentation, all five steel samples at Qingdao 
Station were found penetrated. 


Comparison of the local corrosion conditions of the same type of steel at 
different stations revealed that the corrosion was far more extensive at 
Xiamen station than at Qingdao station. This was so probably because the 
flow speed at Xiamen harbor was greater. The spot corrosion formed at 
Xiamen station on that portion of area exposed to the spray was found to be 
more extensive than that at Qingdao station (where the test pieces were 
placed inside the breakwater). 
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Degradation of the mechanical characteristics of the test pieces progressed 
with the change in the local corrosion and the average corrosion rate. The 
loss in 6 of the five steel samples at Qingdao station after one year of 


experimentation was in the range of 8-26 percent while that at Xiamen station 
was 16-29 percent. 


(6) Tidal Difference Condition 


The test pieces tested under tidal difference condition were alternatively 
wet and dry. Those which were exposed to a relatively worse corrosive 
environment were found covered with a thick layer of dark brown hard rust, 
to which many marine growths were attached. Half of the marine growths 
were barnacles. The marine growths on the test pieces at Xiamen station 
consisted of several layers of barnacles. After the marine growths and 
the corrosion products were removed, the surfaces of the test pieces were 
found all pock-marked. Compared with the other corrosion environments, the 
initial corrosion rate of the test pieces under tidal difference conditions 
was greater than that in the other environments as can be seen in Figs. 14 
and 15. By the third year of experimentation, its average corrosion rate 
had dropped to 0.11-0.28 mm/yr, a value of corrosion rate nearly equal to 
the corrosion rate under the other conditions. The average corrosion rate 


found in this experiment was in agreement with that obtained at the tidal 
difference region of Panama [5]. 


Fig. 14 Average Corrosion Rate--Elapsed Time Curve for Test Pieces 
Under Tidal Difference Condition at Qingdao Station 
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Fig. 15 Average Corrosion Rate--Elapsed Time Curve for Text Pieces 
Under Tidal Difference Condition at Xiamen Station 
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The average corrosion rate of the five steel samples at Qingdao station 
was 0.26-0.28 mm/yr and that at Xiamen station was 0.11-0.13 mm/yr. 
Comparing the average corrosion rates of the same steel sample at the 
different stations indicated that the average corrosion rate at Qingdao 
Station was approximately twice that at Xiamen station. 


Investigation of the local corrosion conditions revealed that after three 
months of experimentation, the surface of the test pieces was covered with 
corrosion holes the size of green beans, and the pin-hole spot corrosion 
found in the test pieces tested at the water line condition could hardly 
be seen. At Xiamen station, the local corrosion characteristics of the 
four steel samples, 16 Mn, 15MnTi, 16MnCu and 4C, were found to be alike, 
while that of CXJI-4 was found to be denser and deeper, obviously more 
severe than the other four steel samples. After two years of experimentation, 
all five steel samples at Qingdao station were found penetrated. The 16Mn 
and 4C steel samples were the most seriously affected (more than 40 
penetrating holes were found in one of the test pieces), and the thickness 
of the test pieces was found significantly reduced. The total area of the 
holes coccupy approximately 30 percent of the area of the test piece. At 
Xiamen station, on the other hand, all 15 pieces of the five steel samples 
were found not penetrated. The local corrosion of the four low alloy 
steel samples was found to be slightly more extensive than that of 4C 
carbon steel. After four years of experimentation at Xiamen station, only 
16Mn test pieces were found penetrated and the other four steel samples 
were not penetrated. Two of the steel samples, 15MnTi and 16MnCu, were 
found penetrated only at the fifth year. 


The local corrosion conditions of the test pieces tested under tidal 


difference condition at the two different stations were so much different 
one from the other that, we think, besides the hydrological and weather 
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factors, the marine growths attached to the surface of the test pieces 
must have played a significant part in it. At the early stage of the 
experiment, the test pieces at Xiamen station were covered with marine 
growths such as barnacles which accelerated the local corrosion, but with 
the progress of time, the surface was covered with a thick layer con- 
sisting of several layers of marine growths, which was quite different 
physically from the layer of marine growths attached to the surface under 
other conditions. This thick layer of marine growths prevented oxygen 

in the sea water from diffusing into the cathodic region of the test 
pieces, thus effectively suppressed destruction of inert film by the chlorine 
ions and the deploarizing action of oxygen. The marine growths provided a 
protective action to the test pieces. 


The loss of 6 of the five steel samples after one year of experimentation 
was in the range of 29-35 percent at Qingdao station and 12-28 percent at 
Xiamen station. 


(IV) Conclusion 


1. Carbon steel and low alloy steel were found to corrode uniformly in 

the ocean atmosphere and pier atmosphere. The average corrosion rate was 
found to diminish with the passage of time and to approach a basically 
Steady state after two-three years of exposure. The average corrosion rate 
in the ocean atmosphere was 0.028-0.075 mm/yr at Qingdao station and 0.012- 
0.023 mm/yr at Xiamen station. Low alloy steel was found to possess 
Significantly better corrosion stability in the ocean atmosphere than 
carbon steel. The low alloy steel 16MnCu was found to be 60-80 percent 
more corrosion stable than the 4C carbon steel, while the low allow steel 
CXJI-4 was found to be 92-170 percent more corrosion stable than the 4C 
carbon steel. In the pier atmosphere, the average corrosion rate of 

steel was found to be 0.011-0.025 mm/yr, and the law of corrosion was 

found to be similar to that in the ocean atmosphere. 


2. Under completely submerged and deep water conditions, all five steel 
samples presented uneven corrosion holes. Under complete submerged con- 
dition, the average corrosion rate was found to approach a basically 
Steady state after one year of experimentation, and the average corrosion 
rate for steel was found to be 0.12-0.16 mm/yr, which is approximately 

50 percent greater than the average corrosion rate of 0.08-0.12 mm/yr for 
low allow and carbon steel samples under completely submerged condition 
determined at various parts of the world [3]. The average corrosion 

rate of 16Mn steel sample under deep water condition at Qingdao station 
was 0.10 mm/yr, and that at Xiamen station was 0.13 mm/yr. 


3. Under water line condition, all five steel samples presented spot 
corrosion and uneven corrosion holes. The average corrosion rate of test 
pieces at the water line was found to diminish with the passage of 

and approached a basically steady state after one year of exposure. 

The average corrosion rate at Qingdao and Xiamen were, respectively, 9.16- 
0.17 mm/yr and 0.15-0.17 mm/yr. The corrosion resistance of low allow steel 
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was found not necessarily better than that of carbon steel. The average 
corrosion rate of all five steel samples under the tidal difference 
condition was found to decrease sharply with the passage of time and 
approached a steady state after three years of exposure. The average 
corrosion rate at Qingdao and Xiamen 

mm/yr and 0.11-0.13 mm/yr. 


4. The local corrosion rate was found to be much faster than the average 
corrosion rate of the five steel samples under the following four conditions: 
complete submergence, deep water, water line, and tidal difference. 
Therefore, the local corrosion constitutes the greatest threat to the 
corrosion stability of all five steel samples. 


5. Comparing the local corrosion of the five steel samples, the local 
corrosion of low alloy steel was found to be somewhat more extensive 
than that of carbon steel. The spot corrosion of CXJI-4 steel under the 
water line condition was found to be exceptionally severe. The weather, 
the sea water, and the marine growths which attached themselves onto the 
surface of the test pieces are the factors that affect significantly the 
local corrosion of steel. 
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AUTHOR: WEN Qiongying [2429 3890 5391] 


ORG: Changchun Geological College 


TITLE: “Sedimentary Environment of the Spring Head Formation Along the 
Southeastern Uplift Zones of the Songliao Basin” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 1-5 


ABSTRACT: The third and fourth sections of the spring head formation 
studied are about 300 meters thick, with distinct multiple intermittent 
sedimentary sequences, According to their grain-size indices and 
alluvial characteristics, it is divided into 10 principal cycles with 
increasing thickness and secondary cycles. All are of normal cyclic 
asymmetric structures with definite regularity in material constituents. 
Since no signs of oil or gas are detected at 1,200 meters west, despite 
the existence of industrial oil flows at its northwest, it is deducted 
that ancient rivers actually flowed northwestward into the lake basin. 
The significance of applying the CM diagrams and Sahar diagrams as well 
as some mathematical statistics methods in the study is evaluated. 


[Continuation of CHANGCHUN DIZHI XUEYUAN XUEBAO No 4, 1978 pp l1- 5] 


Yang Bingzhong [2799 0014 0022], Yang Shanshan [2799 3790 3790], Zhang 
Chuanbo [1728 1557 3134], Dan Mansheng [0830 3341 3932], Li Puying 
{2621 4395 6601) and Hua Jingcai [5363 2529 2088] of this college, 

and Huang Changnina [7806 2490 1628], Wang Lifu [3769 4539 1133] and 
Zhao Qingji [6392 1987 0679] of Changchun Geological Team also partici- 
pated in the field work. Liang Yushi [2733 7183 2514] of this college, 
and Gao Xiaoguang [7559 2556 0342] and Bai Chunlan [4101 2797 5695] of 
Changchun Geological Team conducted the laboratory grain-size analysis, 
the carbonate analysis, and the petrological physical properties 
determinations, The grain-size analysis was supported and assisted 
also by the Insitute of Oceanography of the Chinese Academy of Sciences. 
The newly developed model ZSC-1 automatic sand analyzer and the pipet 
technique are adopted in the analysis. 
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ZOU Zurong (6760 4371 2837] 
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ORG: Changchun Geological College 


TITLE: “Sulfur and Lead Isotopic Study of Eastern Qinling Rock and Ore 
Genesis” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 16-26 


ABSTRACT: Using the sulfur isotope standard’ of Canon Diablo meteorites 
and the lead isotope standards provided by the Isowpe Laboratory of this 
college, a study is reportedly conducted on the sulfur and lead isotope 
levels and distribution of 126 rock and ore samples collected from the 
eastern Qinling area, and their genesis in the history of geotectonic 
movement, as calculated on the basis of the Holms-Houterman and Russel- 
Stantan-Parquhar formulae. The results indicate that Pre-Cambrian 

and Palacozoic were the two essential ore-formation perio@ in the area, 
where, in addition to granohatchettine of chromium, nickel and other rare 
metals, iron and many metallic sulfide ores are also known to exist. 


[Continuation of CHANGCHUN XIZHI XUEYUAN XUEBAO No 4, 1978 pp 16-26] 


This research was jointly conducted by the Qinling Research Team and 
the Isotope Research Laboratory of this college, The lead isotope 
determinations are collectively conducted under the leadership of 
Lin Erwei [2651 1422 3634] and Miao Tingtian [5379 1694 3944]. 
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TITLE: “A Study on the Polded Structure of Pre-Sinian Sedimentary 
Metamorphic Iron Ores at Eastern Ji Region” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 27-37 


ABSTRACT; This article reports a study on the folded structure of the 
Nanshan and Majiashan sedimentary metamorphic iron mines at Eastern Ji 

in 1965. The results prove that the mines are of a complicated north 
northeastern trended congruous inverted fold structure of the late 
Pre-Sinian Period, instead of the previously believed monoclinal 

structure, the existence of minor folds, and a multifold potential 
resources than previously prospected, The report shows also the possibility 
of discovering minor folds despite the presence of strong hybrid 
diagenetic process, and the significance of understanding major structures 
from the study of minor structures. 


AUTHOR; YANG Tianxing [2799 1131 5887] 
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TITLE: “A Method to Analyze the Singularity of Pressure-Bearing Water 
and Successively Analyze the Singularity of Ground Water in the Finite 
Element Method of Unsteady Flow" 


SOURCE; Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 37-54, 15 


ABSTRACT: The author proposes that: 1) a function can be so-constructed 
that will improve the precision of forecasting ground water tables and 
also simplify the process of obtaining hydrogeological parameters by 

the finite element method; and 2) successive linear analysis of singularity 
be adopted to convert ground water problems into pressure-bearing water 
problems for more precise solution of unsteady flow by the finite 

element method. 


The author thanks Feng Guoti [7458 2654 1912] of the Department of 


Mathematics of Jilin University, and also Zhang Xiling [1728 6932 0109) 
and Li Guoxiang [2621 0948 4161] for valuable assistance and discussions. 
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TITLE: “Causes of Mountain Shape Gravity Anomaly and Methods of Their 
Correction" 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 55-63 


ABSTRACT: The author introduces the favorable results of correcting 

the mountain shape anomaly of Putao mountain and Qijia mountain by the 
correlation analytical method of M, anomaly, based on the correlationship 
between mountain ghape anomaly and mountain shape, or mainly its height. 
The correlation equation is establish from the plotting of scattered 
point diagrams which eliminates most mountain shape anomaly, and affords 
a final check on whether the residual anomaly coincides with the rule of 
known geological and lithological changes. The cause of the mountain 
shape anomaly is attributed to the influence of topography of distant 
areas, as well as the gravitational gradient and secondary vertical 
derivative anomaly induced by regional geological factors. 


AUTHOR: WANG Mingzhou [3076 2494 3166] 


ORG: Changchun Geological College 


TITLE: “General Development of Central Jilin Luquantun and Its Division” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 63-72 


ABSTRACT: An analysis on the fossils and rock specimens collected 

from the Central Jilin Luquantun section concludes that: 1) the period of 
Luquantun section should be dated to the early Carboniferous system and 
the late Virgil period; 2) there was much variations in the condition 
of its development and changes of facies due to variations of bottom 
tectonic movements; 3) drastic crustel tectonic changes had occurred 
after the Devonian system and before the Carboniferous system; and 4) 
lithologic classification and division in different localities is not 
uniform, some from carbonate facies to carbonate facies, some from 
clastic rock facies to carbonate facies, and some from carbonate facies 
to clastic rock facies. 
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TITLE: “Fast Walsh Transform and Past Hadamard Transform" 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 73-88 


ABSTRACT: The authors introduce the principles of fast Walsh transform 
and fast Hadamand transform that are now being widely adopted in such 
modern transistor technology as integrated circuit, digital computors, 
etc., to replace the formerly fast Fourrier transform. They are faster 
than the FPourrier transform because their function involves only the two 
simple values of +1 and -1, and only addition, without multiplication, 
is involved in the operation, Their adoption by the Chinese computor 
industry is advocated. 


AUTHOR: XU Zhongxin [1776 0022 0207] 


ORG: Changchun Geological College 
TITLE: “Calculation of Seismic Wave Extension” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 89-99 


ABSTRACT: The author introduces the principles of the “pursuit method” 
and the*recursive method” for the calculation of seismic wave extension. 
By solving an ascending wave vibration equation derived from coordinate 
transformation under definite boundary conditions, the extension of 

the wave field observed on the surf*°* -* the ground to underground 

is calculated, 
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AUTHOR: LI Hongye [2621 7703 2814] 


ORG: Changchun Geological College 
TITLE: “Stratigraphic Structure and Magma Rocks” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 99-111 


ABSTRACT: The author introduces the general knowledge concerned with 
the stratigraphic structure and magma rocks under the headings of: 

1) meteorites — the primary substance of the earth; 2) the origin and 
function of water; 3) the variations in stratigraphic structure; 4) 
the formation of magma rocks; and 5) the relationship between magma 
rock activities and stratigraphic structure. 
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TITLE: “Application of Airborne Radioactivity Technique to Mass Geological 
Survey Abroad and Its Recent Techiical Advances” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 111-125 


ABSTRACT: Following an introduction to the application of airborne 
radioactive survey abroad in geological mapping, circling rock bodies, 
dividing rock intrusion period, obtaining data, studying the relationship 
between overlying strata and bed rocks, exploring diamond and copper, and 
reducing surveying areas, the author reviews recent advances in airborne 
radioactive curvey techniques that include the use of square crystal 
scintillation counters, various self-stabilizing devices, p?14 interference 
radiation correction, and development of data receiving, treating and 
mapping equipment. 
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TITLE: “Diamond Deposits” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 4, 1978 pp 125-127 


ABSTRACT: At the request of this journal, the author answers questions 
from readers concerned with the geological conditions of diamond deposits, 
the characteristics, identificat'on, morphology, production conditions, 
occurvence and chemical composit.on of kimberlite, and the rules of 
Giamond distribution in kimberlite. 
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TITIE: "The Drift of Yangzi Continental Segment and the Early Action of 
Gunwana Old land--an Important Tendency of Dynamic Action of the Phanero- 
zoic Globe” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 1-7 


ARSTRACT: When the two continental segments of north and south China are 
compared in terms of palaeogeography, palaeoclimatology, palaeontology, 
various forms of rock combinations, mineral deposits, geological structure 
and development, very basic differences have been discovered to point out 
that from the late Sinian Period to the early Palaeozoic Era, the two seg- 
ments had always been separated by an ocean of at least 5,000 km, accord- 
ing to an estimate from Paleo-geomagnetic data. Before the late Paiaeozoic, 
the two underwent completely different processes of development. The south- 
em, i.e. the Yangzi segment had been drifting northward to collide and join 
the northern segment. These and other evidences clearly demonstrate a pro- 
longed rotation of the mantle, from the southwest to the northeast. The sig- 
nificance and implications of this theory are discussed. 
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SOURCE; Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 8-19 


ABSTRACT: Based upon the history of geological movements, the structural move- 
ment of Yunnan is divided into six major cycles, involving several stages of 
magmatic activities. The longitudinal magmatic activity zone is divided into 
four subgones. A brief developmental history of each of the subzones is given. 
Geological characteristics of each of the six cycles of magmatic activities 


are described. Orientations and directions of lava movement are depicted with 
maps. 
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SOUSCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 20-25 


ABSTRACT: This paper is —— from notes taken froma lecture delivered 

by the author during his visit at Changchun Geological Institute. The notes 
and the final manuscript had never been submitted to the author for his re- 

view. The date of the author's visit is not mentioned. 
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TITIE;: “Character and Application of Vertical Second-Derivative Curve for 
\a" 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 25-51 


ABSTRACT; For the purpose of enabling the masses of prospectors and geologists 
to use second-derivative anomaly characteristics of third degree magnetic 
bodies for quantitative and geological interpretation, the authors wrote and 
compiled this paper and the graphs. In the process of writing, theoretical 
curves of 110 parameters were calculated and measurements were taken of four 
mines for calculation as well. All computations were performed on the DJS-6 


and 709 computers, while table-top computers were used for a small portion 
of the work. 
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SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Czological Institute] in Chinese No 1, 1979 pp 52-60 


ABSTRACT: The track type meter is important among prospecting instruments. 
It may be used for continuous and high precision automatic surveying, but 
the proper designing of its integrator has a direct effect on its stability 
and precision. The integrator designs discussed in most literatures are 
mostly used in analog computers while the integrator used in the track type 
meter has its own characteristics, different from that of an analog computer. 
These characteristics are discussed to provide some theoretical bases for 
the selection of parameters in the designing process. The discussion con- 
sists of primarily the following three problems: the analysis of the zero 
drift problem of the integrator, the selection of amplifier gain of the in- 
tegrator and track error, and the selectiam of the time constant. 
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Metasomatism Given P. S. Korzanski” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 61-75 


ABSTRACT: Based upon field and laboratory geological research, P.S. Korzanski 
proposed the concept of mobile components. Using the theory of thermodynamics 
and the theory of filtration and diffusion effect, the respective thermodynamic 
and permeation, filtration, and diffused replacement equations were derived to 
produce a series of conclusions regarding metasomatism. Regarding the concept 
of mobile components and the chemo-thermodynamic aspect of his theory, several 
scientists have made comments and pro d their own viewpoints. Although doubts 
have been expressed regarding his geological conclusions derived from the equa- 
tions, there have not been discussions of these equations and their related basic 


theories. This paper is an attempt to analyze problems related to the basic 
theory and the equations. 
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SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 76-86 


ABSTRACT: According to incomplete statistics, for the purpose of improving 
the periodic table of chemical elements, more than two hundred new tables 
have been suggested by scientists here and abroad. This paper discusses a 
"Genealogical Table of Chemical Elements” which was originally proposed by 
Professor YI Yugiu [2496 0060 3061] in 1955 based upon the periodical pair- 
ing phenomenon. The five major differences between this table and the most 


popular tables of Mendeleev and others in the short-period form and the long- 
period form are explained. 


AUTHOR: HUANG Kelong | 7806 034 7127 | 
ORG: None 


TITIE: “Application of DIA~TGA in the Quantitative Analysis of Carbonatite 
Minerals” 


SOURCE: Changchun CHANGCHUN DIZHI XVEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 87-92 


ABSTRACT; The DTA-TGA methodis to determine the weight variation of a mi- 
neral after being heated. The change of weight is due to loss of moisture, 
release of such gases as H.0, CO, CO., SO., P.0_...., sublimation and oxida- 
tion of the mineral, etc. “Prom the feight lofsof the molecular weight of 
the mineral, the mineral content of a given specimen may be calculated. 


This paper explains this technique, using several carbonatite minerals as 
examples, 
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SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 pp 93-109 


ABSTRACT: The history of geochemical research of stable isotopes in China 
is only about 20 years. At present about a dozen laboratories devote to 
this work, and a great deal of data of lead and sulfur isotopes have been 
accumulated. Geochemistry of these isotopes is closely related to studies 
of ore genesis and the technique is relatively simpler. Studies on oxygen, 
hydrogen, and carbon are progressing rapidly in foreign countries; great 
efforts are being exerted in a few laboratories in China to catch up. In the 
form of a lecture, this paper is designed to discuss geochemical problems 
of lead and sulfur isotopes, with considerations of the actual conditions of 
China, to serve the purpose of general survey to locate ore deposits. This 
paper is to be continued. 
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TITIE: "New Progress in Research of the Gravel Element of Yongning Forma- 
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SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No 1, 1979 p 110 


ABSTRACT: The Southern Liaoning Sinian Secondary BoundaryResearch Team was 
formed jointly by the Liaoning Provincial Regional Survey First Team, the 
Changchun Geological Institute, and Shenyang Institute of Geology and Mi- 
neral Deposits. This year the team proceeded with field studies of the 
gravel elements of the Yongning formation and obtained important new data 
regarding the distribution and composition of the gravels. At present, 


laboratory work is being carried out. This paper includes a brief descrip- 
tion of the findings. 
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TITIE: 5 Bed Discovered ix Early Cambrian Strata of the Negative 
Area of Taizi River and Hun jiang” 


SOURCE: Changchun CHANGCHUN DIZHI XUEYUAN XUEBAO [Journal of Changchun 
Geological Institute] in Chinese No l, 1979 pp 111-112 


ABSTRACT: It is generally believed that the lithofacies of early Cambrian 
represent prolonged and sustained sedimentation of the arid climate phase; 
therefore, the condition of base ore formation is believed to be present, The 
discovery of gypsum bed in the early Cambrian strata of the North China plat- 
form remains to be the first time, however. It was in 1976, while drilling 
to locate coal, gypsum was found in the rock core drill hole. The gypsum 
bed is relatively thick and is industrially significant. To the west, ano- 
ther gypsum bed was discovered. It is located in the same stratigraphical 
position. The gypsum beds and their vicinity are described. 
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